Fe2(DSBDC)(DMF)2·x(DMF)
Fe2(2,5-dihydrylbenzene-1,4-carboxylate) (Fe2(DOBDC)), 4 and Mn2(2,5-dihydrylbenzene-1,4-carboxylate) (Mn2(DOBDC)) 5 were prepared according to the reported procedures.
Physical characterizations
Infrared spectra were obtained in a N2 filled glovebox on a Bruker Alpha FT-IR Spectrometer equipped with a diamond crystal Bruker Platinum ATR accessory. Elemental analyses were performed by Complete Analysis Laboratories, Inc. in Parsippany, NJ, United States.
X-ray diffraction studies
A diffraction-quality single crystal of Fe2(DSBDC)(DMF)2·x(DMF) was mounted on a Kapton loop using paratone-N oil. Low temperature (100 K) diffraction data (φ-and ω-scans) were collected on a Bruker-AXS X8 Kappa Duo diffractometer coupled to a Smart APEX II CCD detector with MoKα radiation (λ = 0.71073 Å) from a IµS-micro source. Absorption and other corrections were applied using SADABS. 6 The structure was solved by direct methods using SHELXS and refined against F 2 on all data by full-matrix least squares as implemented in SHELXL-97. 7 All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the model at geometrically calculated positions using a riding model. The crystallographic data for Fe2(DSBDC) is shown in Table S1 .
Powder X-ray diffraction (PXRD) patterns were recorded with a Bruker D8 Advance diffractometer equipped with a θ/2θ Bragg-Brentano geometry and nickel-filtered Cu Kα radiation (Kα1 = 1.5406 Å, Kα2 = 1.5444 Å, Kα1/Kα2 = 0.5). The tube voltage and current were 40 kV and 40 mA, respectively. Samples were prepared on a glass slide in a N2-filled glovebox. The slide was S4 placed inside an airtight specimen holder ring with dome-like X-ray transparent cap. Background of PXRD patterns were corrected by Bruker Diffrac.Suite EVA software.
Variable-temperature PXRD was performed with PANalytical X'pert Pro multipurpose diffractometer with an Anton parr HTK 1200 N high temperature chamber. The sample of Fe2(DSBDC)(DMF)2·x(DMF) was mounted onto the substrate holder of heating chamber, and was kept in dynamic vacuum. Background of PXRD patterns were corrected by Bruker Diffrac.Suite EVA software.
Gas sorption measurements
A Micromeritics ASAP 2020 Surface Area and Porosity Analyzer was used to measure nitrogen adsorption isotherms. An oven-dried sample tube equipped with a TranSeal™ (Micromeritics) was evacuated and tared. The sample was transferred to the sample tube, which was then capped by a TranSeal™. The sample was heated to 100 °C, and held at this temperature until the outgas rate was less than 2 mtorr/minute. An N2 adsorption isotherm was measured using a liquid nitrogen bath (77 K). The evacuated sample tube was weighed again and the sample mass was determined by subtracting the mass of the previously tared tube. Ultra high purity grade (99.999% purity) N2
and He, oil-free valves and gas regulators were used for all free space corrections and measurements.
Room-temperature two-point probe conductivity measurements
A home-made apparatus was used. 8 Samples were soaked in dry and degassed DMF for approximately 12 hours and the solvent was refreshed two times. The samples were then dried under vacuum at 24°C for 0.5 h to obtain M2(DEBDC)(DMF)2·x(DMF), or were further soaked in dry and degassed DCM three times and dried under vacuum at 100 °C for 2 h to obtain µm to 500 µm depending on the amount of added sample.
Plots of current density versus electric field strength (J-E curves) were used to calculate conductivity values according to Ohm's law,
where σ is the conductivity, J current density, E electric field strength, I current, V voltage, A the area of the pellet, and t the thickness of the pellet. The advantage of J-E curves versus I-V curves is that the former curves normalize the thickness and area of pellets so that they clearly show different conductivity values for different materials.
Because the conductivities of Fe2(DEBDC) and Mn2(DEBDC) (E = S, O) are very different, we plot J-E curves in log scale (Figure 2a ),
Therefore, in log scale, the slope of each J-E curve is 1, and the intercept on the y-axis is lg(σ).
Variable-temperature conductivity measurements
All four MOFs were soaked in dry and degassed DCM for 12 hours, and the solvent was refreshed two times. Then the samples were dried under vacuum at 100 °C for 2 h. The resulting powders were added to a stainless steel pressed-pellet die with a diameter of 7 mm. The die was The activation energy for each sample was calculated according to the Arrhenius law,
where σ is the conductivity, G conductance, σ0 and G0 exponential prefactors, t the length of the conduction channel, A the area of the conduction channel, Ea activation energy, k Boltzmann constant, and T the absolute temperature. Because the conduction channel of each pellet was irregular, it was hard to estimate its length and area. Therefore, we used the conductance-temperature relationship to calculate the activation energy. When plotting in ( ) vs.
" # (Figure 2b ), the slope of
, so the activation energy Ea can be extracted.
Mössbauer spectroscopy measurements
Solid samples of Fe2(DSBDC)(DMF)2·x(DMF) and Fe2(DOBDC)(DMF)2·x(DMF) were suspended in Apiezon M grease and placed inside a nylon sample holder. The Mössbauer spectra were recorded on an MSI spectrometer (WEB Research Co.) at 80 K using a 57
Co source in a Rh matrix kept at room temperature. Velocity calibration was achieved using metallic iron foil at room temperature. Isomer shift (δ) values are reported with respect to metallic iron (δ = 0.00 mm/s). The WMOSS program was used to fit the spectra to Lorentzian lines.
Fe2(DSBDC)(DMF)2·x(DMF)
Anhydrous FeCl2 (330 mg, 2.60 mmol), H4DSBDC (120 mg, 0.52 mmol), and dry and degassed DMF (20 mL) were added to a 100 mL Schlenk flask. The resulting clear yellow solution was heated at 140 °C for 18 h under nitrogen to afford dark red-purple crystals (<200 µm) suitable for single-crystal X-ray diffraction. The flask was transferred into a N2-filled glovebox, and then the reaction mixture was transferred into a vial. The product was extracted with 10 mL of dry and degassed DMF for approximately 12 h, and the solvent was refreshed two times. The product was dried under vacuum at 24 °C for 0.5 h to afford a dark red-purple solid. Elemental analysis calcd. 
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Mn2(DOBDC) was prepared according to a reported procedure. showed that bound DMF persisted ( Figure S4 ), and elemental analysis (EA) confirmed the formula of Fe2(DSBDC)(DMF)2. Phase A could be recovered by soaking the guest-free material in solvents such as DMF or ethanol for less than 1 min, or simply by exposing it to air for several minutes (DMF-soaked Fe2(DSBDC)(DMF)2, Figure S6 ). To further investigate this phase change, variable-temperature PXRD was performed starting from Fe2(DSBDC)(DMF)2·x(DMF) at temperatures ranging from 25 °C to 200 °C in vacuo. Peaks at 7.9° and 11.6° appeared at 35 °C, while the peak at 6.4° completely disappeared at 65 °C ( Figure S7 ). Phase B persisted up to 200 °C, albeit with a weaker intensity possibly due to partial activation. These observations indicated that the phase change is caused by removal and refilling of non-coordinating solvent in the pores. Because this phase change is fast and reversible and happens at room temperature, we surmised that no bond destruction and reconstruction is involved, and that the changes in the PXRD patterns are instead associated with subtle variation of the crystal lattice, as seen for various breathing MOFs.
From the single crystal X-ray structure of Fe2(DSBDC)(DMF)2·x(DMF), the space group of phase A is R3 + . A projection of the crystal lattice on the ab plane consists of densely packed hexagons. Three-fold axes reside on the nodes and centers of the hexagons. The PXRD peak at 6.4° in phase A corresponds to the (2, -1, 0) set of reflections. Its splitting indicates a symmetry breaking in the ab plane. According to these experimental observations, we hypothesize that the crystal lattice changes through a hexagon distortion. Specifically, two independent angles θ and δ around one node deviate from 120° to break 3-fold symmetry ( Figure S13, S14) . Based on these assumptions, the new lattice is determined by distortion angles θ and δ exclusively. Upon distortion, the 3-fold symmetry is broken, while inversion symmetry persists, so the space group of lattice is reduced to P1 + ( Figure S14 ). Translational symmetry of the original 3D
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unit cell does not persist ( Figure S15 ), so a new 3D unit cell is chosen ( Figure S16 ). Its projection onto the ab plane can be viewed as a 3 × 3 superlattice of one 2D unit cell. Based on the symmetry of non-distorted lattice and assumption d), these nine sub-unit cells can be transformed to each other by translation along the z direction ( Figure S17 ). 
Therefore, only one 2D unit cell needs to be considered. Here we choose the 2D unit cell at the origin of 3D unit cell (No.1 in Figure S17 ). 
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Based on assumption b), the relative position of each atom with respect to the nearest edge does not change upon distortion. In the selected 2D unit cell, four edges are involved, so atoms are divided into four regions ( Figure S18 ). Atoms that are close to the center node are arbitrarily assigned to one region, so their positions may not be correct initially and are later refined computationally. DMF molecules are also omitted for simplicity since they do not affect the PXRD pattern significantly. Atoms in this 2D unit cell are assumed to rotate together with the closest edge. If we take an atom E, for example, it is assigned to region 1 because it is close to edge 1. Its horizontal distance to one end of edge 1, OF, and the vertical distance to edge 1, EF, remain unchanged upon rotation of edge 1.
with x0' and y0' atomic coordinates of atoms in the same 2D unit cell of non-distorted lattice. They are obtained by transforming the coordination system from the original 3D unit cell of the nondistorted lattice.
OF and EF can be mathematically expressed by the unit cell parameters of the 2D unit cell (a, b), the distortion angles (θ, δ), and the 2D atomic coordinates (x, y): 
Incorporating eq. (2) and (4) 
Based on the above theoretical derivation, a MatLab program MOF-FIT 2.0, was made by modifying a previously reported program in our group, MOF-FIT. 11, 12 This program allows tuning of the PXRD pattern of Fe2(DSBDC) by varying θ and δ independently. Matching between simulated and experimental PXRD patterns are evaluated visually. The best match was obtained by choosing θ = 85°, and δ = 137.5°. The simulated PXRD pattern shows a weak peak at 5.5° and a strong peak at 7.6° with similar intensity ratio of the peaks at 5.9° and 7.9° in experimental PXRD pattern.
These two optimum distortion angles happen to correlate with each other by θ + 2δ = 360°. This S29 relationship is not necessary: similar patterns are generated by varying them slightly from these values independently. Moreover, this relationship does not generate new symmetry, so they do not affect the space group assignment for the distorted lattice.
Distortion angles θ = 85°, and δ = 137.5° generate a distorted structure where a hexagon is elongated in the direction through two opposite nodes and compressed in the perpendicular direction (phase B). The space group of this lattice is P1 + , with unit cell parameters a = 51.41 Å, b = 37.27 Å, c = 7.19 Å, α = β = 90°, γ = 111.25°. The hexagon area is reduced by 9.6% to accommodate the loss of non-coordinating solvent. The unit cell parameters and atomic position of this simulated structure were used as the starting point for the DFT geometrical optimization (vide infra).
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Computational Details
All electronic and structural calculations were performed within the Kohn−Sham density functional theory (DFT) framework. Born−von Karman boundary conditions were employed to represent a framework infinitely repeating in each direction, with no surface termination. The Vienna ab initio simulation package (VASP), a plane-wave basis set code (with PAW scalar-relativistic pseudopotentials), was employed for crystal and electronic structure optimization. Gamma point was used to sample the Brillouin zone for each of the materials. The band structures were calculated at explicit high symmetry points according to the Bilbao Crystallographic Server Database.
A 500 eV plane-wave cutoff was found to be suitable for convergence of electronic wave functions to give total energies within 0.01 eV/atom. Starting with the experimentally determined unit cells, lattice parameters and atomic positions [3] [4] [5] 13 were relaxed with the semi-local Perdew−Burke−Ernzerhof exchange−correlation functional revised for solids (PBEsol).
The key electronic properties, including electron density, electrostatic potential, and band gap, were computed using a hybrid exchange−correlation functional (HSE06) with 25% of the shortrange semi-local exchange replaced by the exact nonlocal Hartree−Fock exchange.
In contrast to molecular quantum-chemical calculations, within periodic boundary conditions, the electronic eigenvalues resulting from the solution of the Kohn−Sham equations are given with respect to an internal reference (for VASP it is the average electrostatic potential of the repeating cell). The consequence is that absolute values of band energies cannot be compared between two or more frameworks: there is no common vacuum level. It should be noted that for solids, unlike finite systems, the highest occupied Kohn−Sham eigenvalue and the electron removal energy (N → N − 1 system) are equivalent in the dilute limit.
For the reference electrostatic potential we use a spherical average of the Hartree potential in a sphere of r = 2 Å with an origin at the center of the pore. The analysis code for this calculation, which can also calculate planar and macroscopic averages of electrostatic potentials and charge densities, is freely available (https://github.com/WMD-Bath/MacroDensity). The electrostatic potential was sampled on a grid of mesh density >14 points/Å.
